This article describes the front-end system for the SG-II high power laser facility. The front-end of SG-II is based on amplitude waveguide modulator pulse shaping technology and short pulse laser trigger synchronization technology. A phase modulator is used to broaden the frequency spectrum to suppress SBS effect. And a wide spectrum Nd:glass regenerative amplifier pumped by LD is developed. In order to improve the fill factor of the output laser beam to acquire maximum energy of SG-II, the spatial shaping system is developed to control the intensity distribution.
Introduction
Research into the Inertial Confinement Fusion (ICF) has been developed for more than 30 years. Solid state high power laser driver is one of the ways to achieve ICF, such as the National Ignition Facility (NIF) 1) at Lawrence Livermore National Laboratory (USA) and the LMJ at CEA (France), 2) the GEKKO XII (Japan) 3) and the Omega 4) (University of Rochester, USA), SG-II (China) 5) and SG-III 6) (China). All solid state lasers are based on the following parts what ever the number and size of the beams: front end, preamplifier; main amplifier; transport and final optics assembly (for frequency conversion, and focusing to target chamber centre.) The front end is to provide seed pulse for high power laser driver.
The high power laser driver for the SG-II facility is designed to support many types of laser target experiments including inertial confinement fusion (ICF), X ray laser experiment, et al. Due to the demand of seed laser pulse for the versatile experiments, the front end should have the ability of controlling the temporal pulse shape, the spectrum characteristics, the spatial intensity shape, output different kind of the laser beams of which the synchronization should be ensured.
The key work of the front end is to solve two issues: the shaping ability of the main nanosecond laser to ensure the required pulse shape for different physical experiments; the synchronization between the main laser pulse and the probe laser beam or the ultra-short pulse. Now, the pulse shaping technology has two different ways. One is active laser pulse shaping technology, of which adopts electrical pulse shaping technology to control the optical pulse waveform, which is adopted by NIF 7) and OMEGA 8) . The other is passive laser pulse shaping technology, which uses the dispersion characteristics of grating or the nonlinear effect of the fiber and the pulse stacking technology to control the pulse waveform.
3) To choose the oscillator scheme of the front end, the pulse shaping technology must be considered first, sometimes the spatial uniform illumination may be considered simultaneously. So the pulse shaping unit and the oscillator is bound up with each other. To meet the demands for the front end and the uniform of the target focus facula, the front end of SG-II adopts integrated waveguide modulator shaping system in combination with aperture-coupled-strip-line (ACSL) electrical waveform generator [9] [10] [11] and single frequency fiber laser. The synchronization technology adopts optical pulse trigger technology. 12) In addition, the front end must be able to provide phase modulation of the injected seed pulse not only to suppress SBS but also to provide smoothing of the focal spot in the target chamber by spectral dispersion. And in order to amplify broadened laser, the Nd:glass regenerative amplifier is developed. To pre-compensate for the spatial gain distortions in the remaining amplifier, the spatial intensity distribution control unit including birefringent lenses and binary mask shaping technology are investigated. [13] [14] [15] 
The front end of SG-II
The eight beams or ninth beam pulses of SG-II that converge on the target originate from a single frequency continuous-wave (CW) oscillator. This oscillator is a phase shifted distributed feedback fiber laser by imprinting λ/4 phase shifted grating in a ytterbium doped silica fiber, which was fabricated by National Laboratory on High Power Laser and Physics of SIOM. 16) The parameters of Yb 3+ -doped fiber laser are as following: Operating power: 25mw; (Maximum output power is 75mW) Single longitudinal mode output; Line-width: <100kHz (3 × 10 -6 nm); Power stability:< 1%; Polarization extinction ratio: > 23 dB; Wavelength stability: less than 3 GHz (4 hours). The CW signal of the oscillator is chopped by an acousto-optic (AO) modulator to a pulse width of 200 ns at a repetition rate of 1 Hz. The AO modulator can provide 50 dB of isolation between the fiber oscillator and the following fiber amplification. The chopped optical pulse is amplified by a fiber amplifier. Though the double stage amplifier has the merit of high gain, it is easy to destroy the laser diode which is used to pump the Yb 3+ -doped fiber. So the single stage configuration with a fiber filter is adopted. The gain of the fiber amplifier is 30 dB. The bandwidth (FWHM) of the filter is 1 nm, which is used to decrease the ASE noise. The signal-to-noise ratio is about 40 dB and the peak power is 1 W.
Then a phase modulator is used to broaden the laser spectrum to reduce the spectral intensity in the final optics and prevent stimulated Brillouin scattering (SBS), which could damage the optics. The phase modulator at 3 GHz creates a bandwidth of 0.1 nm as shown in Fig.1 . The broadened optical spectrum was tested by 60 GHz stable Fabry-Perot etalon.
After the broadened laser is amplified by a fiber amplifier, it is shaped by pulse shaping system. The pulse shaping technology adopts integrated waveguide modulator in combination with ACSL electrical waveform generator, which was first used by OMEGA. [8] [9] [10] as shown in Fig.2 The pulse shaping system is composed of two electrical sources, a double stage electronic-optical modulator and an electrical pulse shaper based on ACSL. The single longitudinal mode seed pulse is shaped by applying shaped voltage waveforms to two electro-optic amplitude modulators. The voltages are applied synchronously with the transit through the modulators of an optical pulse from a single-longitudinal-mode laser. The first electrical square-pulse generator output a gate pulse of 5ns to the first stage of the electro-optics amplitude modulators, of which decides the pulse width of shaped laser. The second electrical square-pulse generator acts as the input electric pulse of the ACSL, which can output arbitrarily shaped pulse of which decides the waveform of the shaped optical pulse.
The shaped laser pulse system has the characteristics of stable waveform and smooth profile. Using ACSL technology, the pre-compensation square pulse (Fig.3.(a) ) which is used to pre-compensate the gain saturation of the Nd:glass to acquire square pulse at the target and kinds of picket pulse (Fig.3 (b) and (c)) were acquired. The maximum contrast of the shaped laser can be greater than 400:1( Fig.3 (d) ). The shortest pulse width acquired is 120 ps in Fig.3 (e) .
The front end of SG-II adopts two oscillators to produce nanosecond main laser and 80-ps short pulse probe laser. One is single frequency fiber laser, of which the output is sliced and shaped to output shaped nanosecond optical pulse. The other is a commercial mode locked laser (CWML, Time-bandwidth, GE-100), which outputs 80 ps optical pulse. 12) In order to achieve synchronization between the main nanosecond pulse laser and the probe laser which is about 80ps, we adopts optical pulse trigger technology as shown in Fig.4 .
A single pulse of 80ps is picked by electronic modulator and AO modulator from a series of laser pulses of CWML. Then it is separated into two parts by a thin film polarizer, of which the plane polarized light is transmitted to the following main amplifier as probe laser for plasma, while the vertical polarized light is amplified by a solid state amplifier to trigger a Si photo-conductive switch to produce an electrical pulse.
Then the electrical pulse is used to trigger pulse shaping generator which is used to control the waveguide modulator to slice and shape the single longitudinal mode laser. Thus the short pulse and long nanosecond laser is synchronized.
To test the synchronization, a 3 dB coupler was used to couple the shaped laser pulse and probe laser pulse to a same fiber. Then the lasers were amplified by fiber amplifier and solid state amplifier. A set of streak camera was used to test the interval between the two pulses. In order to improve the display resolve power of the streak camera, the shaped laser was designed to be a Gauss pulse of 100 ps. One set of the measured data is shown in table 1. The synchronization was tested to be less than 10 ps (rms).
In order to realize the amplification of the broad bandwidth laser which is broadened by phase modulator, Nd:glass regenerative amplifier is developed. A regenerative amplifier is an optical cavity with gain into which a low-energy seed optical pulse is injected, amplified by several orders of magnitude, and then switched out of the cavity.
The configuration of Nd:glass regenerative amplifier is shown in Fig.5 . It is designed to amplify 3-ns temporal shape optical pulse. The cavity length is 4m to ensure a whole optical pulse be switched out of the cavity without distortion caused by Pockels cell switch. The crystal of Pockels Cell is KD * P, of which the destroy threshold is 850MW/cm2 for nanosecond laser. In order to avoid destroying the crystal when the regen operates at saturation state, the oscillation is adopted asymmetric stable cavity, g 1 g 2 = 0.08, to ensure the aperture of the optical pulse through the Pockels Cell be twice the aperture of the optical pulse through the Nd:glass. The Nd:glass crystal rod is placed at a distance of 60cm away from the end mirror M2 to avoid the injected pulse overlapping in the Nd:glass crystal rod, which may produce irregular pulse-shape distortion.
The Nd:glass crystal rod with 4 mm in diameter by 60 mm long is side-pumped by a 6KW laser diode arrays operating at 801 nm of which the pulse width is set to be 450 μs. The repetition rate is 1Hz. The single stage gain is 1.8 when the current of the LD is 50A. For the transmission rate T = 0.77, the net single stage gain is 1.386.The input pulse energy is 500 pJ. After transmitted 33 roundtrips in the cavity, the output energy is maximized. The output energy is 5 mJ and the gain is 107. The stability is shown in Fig.6 , which was tested for more than 1.5 hours. The stability of output energy is better than 2% in the root mean square.
In the experiment, the pulse width of the injected laser is 3 ns, the waveform is show in Fig.7 , of which the contrast ratio is 2.62. After amplified by regen, the contrast ratio is 1.78. So the square-pulse distortion (SPD) is 1.5.
In order to enhance the fill factor of the near field, the birefringent lenses shaping system and binary masks spatial shaping technology are developed. [13] [14] [15] 17, 18) The birefringent lenses spatial shaping system is composed of two polarizers, two birefringent plane-convex lenses and two plane-concave birefringent lenses, 13, 15) as shown in Fig.8 .
The centre of the plane-convex lens corresponds to λ/2 waveplate while the edge corresponds to λ/4 waveplate. The sequence of lenses of the shaping system is shown in Fig.8 . In the initial condition, the principle optical axis of the four birefringent lenses is parallel to the axis of the polarizer. Then, the convex lens is fixed while crystal axises of the two concave lenses are rotated. When the polarized laser beam is Table 1The interval between the shaped pulse and probe pulse transmitted through the birefringent lenses, the different part of the laser beam has different polarization state. At last, when the laser passes through the polarizer 2, different part has different transmission rate. Thus the spatial intensity distribution of the laser beam is shaped. A set of birefringent lenses spatial shaping system was fabricated, which can shape the Gauss distribution laser beam into flattop spatial distribution, as shown in Fig.9 . The transmission wavefront is 0.08λ, the beam direction is changed 10urad. In order to pre-compensate the spatial dependent gain of amplifiers to optimize the fill factor, there is a need for accurate beam shaping systems with fine controls. Binary mask can meet the requirements because more control can be obtained via binary pixelated arrays of metal pixels. 17 ,18) Figure 10 shows the experimental results of the uniform intensity distribution (b) after shaped by anti-gauss beam mask and the parabola distribution after shaped by pre-compensate binary mask of which the peak/center transmission ratio is 5:1.
Summary
The front end of SG-II based on amplitude waveguide modulator pulse shaping technology has been in operation for 3 years with reliability. The regenerative amplifier and the beam shaping system are the technologies which are in developing and will be used in future. Fig.8 The configuration of the birefringent lenses shaping system (P1:polarizer 1; P2:polarizer 2). Fig.9 The intensity distribution of Gauss laser beam (top) and flat top shaped laser (bottom): (a) laser beam recorded by CCD, (b) the one dimension intensity distribution, (c) the two dimension intensity distribution).
(a) (a) (b) (c) Fig.10 (a) the intensity distribution of the input square beam; (b) the uniform intensity distribution after shaped by anti-Gauss beam mask；(c) the parabola distribution after shaped by pre-compensate binary mask of which the peak/center transmission ratio is 5:1.
